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(57) Abstract 

A method for obtaining the far Held pattern of a phased array MLS antenna using measurements by a monitor located in 
the near field of the MLS antenna. The near field pattern differs from the far field pattern because of the presence of phase error 
terms in the measured near field pattern. The method comprises computing the Fourier transform of the complex conjugates of 
the phase error term of the near field pattern and convolving that transform with the measured near field pattern to obtain the far 
field pattern. 
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METHOD FOR FIELD MONITORING OF A PHASED ARRAY 
MICROWAVE LANDING SYSTEM FAR FIELD ANTENNA PATTERN 
EMPLOYING A NEAR FIELD CORRECTION TECHNIQUE 

Field of the Invention 

The present invention provides an improved method for 
error-corrected near field monitoring of the far field pattern 
generated by a Microwave Landing System (MLS) transmitting 
antenna. More particularly, the invention relates to a method 
of MLS near field signal monitoring which reconstructs the 
entire main beam portion of the far field pattern generated by 
a scanning phased array antenna, and does so in a fashion 
which compensates for near field effects. 

This application is a continuation-in-part of application 
serial no. 803,233/ filed Dec. 5, 1991. 
Background of the Invention 

Field monitors are employed in airport Microwave Landing 
Systems to check the accuracy and quality of the signal 
radiated by the MLS antenna. For realism, the field monitor 
should measure the same guidance beam as would be measured by 
an airborne MLS receiver. However, such realism requires that 
the monitor antenna be located in the far field of the MLS 
antenna, far removed from the distortions encountered in the 
near field of the MLS antenna. It is generally recognized 
that far field antenna pattern measurements should be 
conducted at a minimum distance of 2 D 2 /k, where D is the 
aperture of the antenna and A is the wavelength of the 
radiated signal, if near field distortions are to be avoided. 
If this criterion is followed for a typical MLS antenna (D = 
12 feet, A = 0.2 feet) , the monitor antenna must be located at 
a minimum distance of 1440 feet from the MLS antenna. 

Few airport environments provide an obstacle-free path of 
adequate length to permit antenna pattern measurements to be 
conducted in the far field. Moreover, the signals received by 
the monitor would likely be corrupted by refractions and 
reflections from airport installations and from aircraft 
movements on the runway. The preferred distance for location 
of the monitor antenna is therefore about 150 feet from the 
MLS antenna, ahead of such obstructions as runway approach 
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lights, clearly, the monitor antenna is then well into the 
near field of the MLS antenna and cannot measure the guidance 
beam as would a distant airborne receiver. 

Near field distortion effects occur because the r.f. path 
delays between the monitor antenna and radiating elements of 
the array at the outer edges of the transmitting antenna 
aperture are significantly different from the path delays 
between the monitor antenna and radiating elements near the 
center of the transmitting antenna aperture. Near field 
effects may be overcome by applying certain compensating 
factors to the transmitting antenna to cause the guidance beam 
to be refocused at the monitor antenna. Such a procedure is 
obviously unacceptable as it results in distortion of the far 
field guidance beam. 

An integral monitor antenna is known and has been used to 
monitor performance of the MLS transmitting antenna. The 
integral monitor antenna comprises a slotted waveguide or a 
similar array of antenna elements that extends completely 
across the transmitting antenna aperture in very close 
proximity thereto. Compensation for near field effects is 
built into the integral monitor antenna so that the signal 
output of the integral monitor antenna simulates the signal 
output of a monitor antenna located in the far field of the 
transmitting antenna. However, it is impractical to duplicate 
the structure of the integral monitor antenna , considering the 
necessary changes in scale, when the monitor antenna is to be 
located at a distance of about 150 feet from the transmitting 
antenna. 

The present invention utilizes the Fourier relationship 
between the near field pattern and the aperture function to 
reconstruct the far field pattern of the MLS antenna from 
sample measurements taken by a monitor antenna located in the 
near field of the MLS antenna. 

U.S. Patent 4,926,186, issued May 15, 1990, to R.J. Kelly 
and E.F.C. LaBerge, the present inventors, for "FFT^Based 
Aperture Monitor for Scanning Phased Arrays"* owned by the 
assignee of the present invention, discloses a method in which 



SUBSTITUTE SricET 



WO 93/11581 




PCT/US92/10292 



3 



signal samples, take by an Integral monitor antenna or a 
monitor antenna located in the far field, are processed by 
Fourier transforms to provide the aperture function of the MLS 
antenna. Obtaining the aperture function in such manner 
permits the identification of individual phase shifters or 
other components of the MLS antenna that may be faulty* 

U.S. Patent 4,553,145, issued Nov. 12, 1985, to G.E. 
Evans for "Method of Forming the Far-Field Beam Pattern of an 
Antenna", discloses a method based on Fourier transforms for 
obtaining the far field pattern of a rotating antenna from 
measurements taken in the near field. The method collects 
near field signal samples at critical points of the antenna 
pattern for a partial reconstruction of the far field pattern. 
Close synchronization of angle transducers at the transmitting 
antenna pedestal and at the monitor receiver is required. 

Accordingly, it is an object of the present invention 
to provide a method for near field beam monitoring of a 
scanning phased array MLS antenna which provides a complete 
reconstruction of the far field beam pattern, and which can be 
accomplished during normal operation of the array. 
fznmmary of the invention 

The near field antenna pattern can be represented as the 
product of the aperture function f (x) and a quadratic phase 
error term q(x) . Using the Fourier convolution theorem in the 
spatial frequency domain, the near field pattern FCp,!^] is: 

FCp,!^] - F(p) e Q(p) 
where F(p) is the far field pattern and also the 
transform of f (x) and Q(p) is the transform of q(x) . A 
correction term Q* (p) , which is the complex conjugate of Q(p) , 
is convolved with F[p,R 0 ] such that: 

F[p,Ro] ® Q'(P) = F(p) a Q(p) ® Q'(p) = F(p), 
since, Q(p) ® Q* (p) = *(P)# the delta function. 
Briefly, the method involves the steps of: 
1. Computing the Fourier transform of the complex 
conjugate of the quadratic phase error term of the near field 
pattern. 
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2* Sampling the near field complex antenna pattern of 
the scanning beam at times corresponding to equal increments 
of 

sin B s (t), where B s (t) is the beam scan angle. 

3. Convolving the transform obtained in step (1) with 
the samples obtained in step (2) to generate the reconstructed 
far field antenna pattern. 
Brief Description of the Drawings 

Pig. 1 is an illustration of a typical MLS field monitor 
arrangement • 

Fig. 2 is a diagram from which the phase error term of 
the near field antenna pattern can be calculated. 

Pig. 3 is a block diagram of a hear field monitor 
receiver according to the invention. 

Fig. 4 is a block diagram of shift register means for 
convolving complex correction coefficients with the near field 
antenna pattern measurements. 

Fig. 5 is a flow chart showing the processing of near 
field antenna pattern measurements to produce a far field 
antenna pattern. 

Fig. 6 shows a near field pattern of a typical MLS 
antenna as measured by a monitor located 100 feet from the MLS 
antenna • 

Fig. 7 shows the pattern of Fig. 6 after refocusing 
according to the invention. 

Fig. 8 shows the far field pattern of the MLS antenna 
used in preparation of Fig. 6, as measured by a monitor 
located in the far field; and, 

Fig. 9 is a graph showing the error between the corrected 
near field pattern of Fig. 7 and the far field pattern of Fig. 
8. 

Detailed Description of t he Invention 

Fig. 1 illustrates a typical MLS and near field monitor 
installation at an airport. A phased array MLS antenna 10 is 
located beyond the stop end 11 of a runway 12 and obstructions 
thereabout, such as runway lights 14. Antenna 10 transmits an 
azimuth guidance beam 13 toward the approach end of runway 12. 
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Beam 13 is scanned through an angle B s about the runway center 
line 15. Antenna 10 is typically located so that the 
boresight of the antenna coincides with the runway center 
line, as shown, but locations offset from the runway center 
line sure allowed. Antenna 10 is typically located about 200 
feet from the nearest obstruction, such as lights 14. A field 
monitor antenna 16 is located in the near field of antenna 10 
within the scan coverage area of beam 13, suitably at a 
distance of about 150 feet. 

Fig. 1 shows a typical MLS installation for azimuth 
guidance. It will be understood that a complete MLS further 
includes a separate phased array antenna for generating a 
guidance beam that is scanned in elevation, and that the 
invention is equally applicable to the near field monitoring 
of the antenna pattern of the elevation antenna. 

Referring to Fig. 2, phased array antenna 10 comprises a 
plurality N of radiating elements 18 spaced equally at 
distances Ax across the aperture of the antenna. The normal 
to the linear array of elements 18, line A-A, is the boresight 
of the antenna. Monitor antenna 16 is positioned at a 
distance R^ from the center O of the array at a bearing angle B 
to the boresight A-A. The distance from monitor antenna 16 to 
any element of the array is 1^ + AR. Selecting element 18 • as 
an example, the solution of triangle OCD is: 

For x^Rq « l, 



The quadratic term of equation (2) appears as the phase 
error term in the near field antenna pattern F(fi,R 0 ,t) , 
equation (3) , for a phased array antenna 10 having N elements 
18, measured by a monitor antenna 16 located at a distance R 0 
from the center of the array. 
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If 
and 



where: 

a fc is the voltage excitation of element (k) , k = 0 ,1 N- 

6 is the bearing angle of monitor antenna 16 from A— A; 



Equation (3) contains three exponential terms. The first 
Cwhich is a function of S) being the spatial term, the second 
(a function of B s (t)) the temporal term, and the third (a 
function of Rq) the quadratic defocusing term. The far field 
pattern of antenna 10 can be obtained from equation (3) by 
allowing R„ to approach infinity, thus: 

Equation (3) is a Fourier transform of the aperture 
function with the temporal exponential term forming the 
Fourier kemal. When a phase correction term, 

e 'lM <* a > 

corresponding to the conjugate of the quadratic phase error 
term, is imposed on the aperture function, the following 
characterization of the far field pattern, G(B,«,t) , results: 
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O-g^^'-^e-^ie^l.-^'^-"' (5) 



which is: 

t) -J^f (P,^,**) r CR,,**) e-l-T***"***" (6 ) 

where £ (B^Rq^x^) is the effective aperture function of the 
transmitting array measured at the field monitor location 
(including both the spatial and the defocusing terms) and 
jr(R 0 ,x k ) is the desired refocusing term. Although r (Rq, x^) can 
be computed from equation (4a) , f(B / R Q/ x lc ) is not directly 
measurable in this instance. 

In applying the method while the MLS antenna is operating 
with a normal scan, the near field antenna pattern is sampled 
at non-uniform intervals of time, ^/corresponding to equal 
increments of sin B 8 (t) . More particularly, the samples are 
taken at times t- such that: 



where : 

6 S is the scan rate of the MLS antenna beam; 

tQ is the time at which the beam scans through 0 degrees; 

and 

i « 0, 1,....N-1; so that: 



By substituting equation (8) into equation (6) , the 
following Discrete Fourier Transform is obtained: 
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N-l 



Rearranging equation (9), 



Finally, 



<?(P,-,i) - e J 3T- F (p vJ?0 ,i)®j?CJ2o,i) (J " L; 

The final step illustrated above relies. upon the Fourier 
property that the transform of the product £CB,R 0 ,k.) r(R 0 ,k) is. 
the convolution of the individual transforms F(B,R 0 ,1) ® 
R(R 0 ,1) . The transform F(B,R 0 ,iJ is obtained by sampling the 
near field antenna pattern at intervals t f . The coefficients 
R(R 0 ,i) are precomputed from equation (12) below using the 
specific values of R„, X k , and N that are dependent on a 
particular monitor installation site and MLS antenna. The 
value of M is selected to provide a sufficient number of 
samples to obtain the accuracy desired. Suitably, M = 256 and 
typically N - 48. 

• u 2« (ff+Dc -AT-l j 2«afc 

RlSi.Md—r *» p^riRo.kYe » 

- e^-^-^e *e " C12> 



Referring to Fig. 3, the MLS beam signals Fi&^t) 
induced in monitor antenna 16 are amplified and converted to 
i.f. frequency by a receiver 21. A quadrature detector 22 
converts the i.f. output of receiver 21 into complex real and 
imaginary components of 
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FfB / R 0 ,t) . The analog outputs of detector 22 are applied to an 
A/D converter 23 that is controlled by a timer 20 so as to 
produce digitized real and imaginary samples of F(fi / K 0 ,t) at 
intervals t |f where t { is defined in equation (7). The real 
and imaginary samples F(6,R 0 ,m) from converter 23 are stored in 
sample storage 24 for use in a complex convolution routine or 
for application to a complex convolver 25 that convolves the 
samples with the precomputed coefficients RfR^i). The complex 
outputs of convolver 25 , comprising the real and imaginary 
components of G(B,*o, *t m ) , are stored in memory 26 whence they 
may be retrieved for conversion into points of signal 
amplitude, A, at times, t, for display, plotting, or other 
processing of the far field antenna pattern of the MLS 
antenna. Conversion of the components stored in memory 26 
into amplitudes merely involves the simple calculation 
A - [(real) 2 + (imag.) 2 ]*- 

Fig. 4 is a simplified block diagram of a shift register 
means for performing the operations of convolver 25. It will 
be understood that such shift register means are provided for 
processing the complex sample outputs of A/D converter 23 via 
complex multiplication and summation operations. Samples 
from storage 24 are successively applied to an M stage shift 
register 30 comprising stages 31-m-33 spaced at intervals 
corresponding to equal increments of sin 6 8 (t). The output 35- 
m'-38 of each stage 31-m-33 is weighted with the appropriate 
one of the precomputed coefficients R(R 0 ,m) , i.e., the mth 
stage output is weighted with the mth coefficient, so that as 
each of the i samples is clocked through a register stage m, 
the product of that sample and the mth coefficient is output 
to an accumulator 40. When the first (i = 1) sample is 
clocked out of the final register stage 33 f the Mth stage, the 
contents of accumulator 40 are shifted into memory 26. The new 
contents of accumulator 40 are shifted into storage 26 as the 
second, and each succeeding sample, is clocked out of register 
stage 33. Processing of the near field samples for conversion 
into the far field pattern is completed when all M samples of 
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the measured waveform f (6,1^, t) have been passed through 
convolver 25. 

Fig. 5 is a flow chart describing the processing of 
samples of the near field antenna pattern to obtain the far 
field pattern. Processing begins (box 40) with the collection 
of M real and imaginary samples of the near field pattern at 
times tj. These samples are placed in storage 24 (Fig. 3). 
The real and imaginary samples are processed separately in a 
routine, or in a convolver as shown in Fig. 4, the operation 
of which is shown by boxes 41-44. A sample is called from 
storage (41) and an N-point convolution (42) is performed 
thereon in which each set of N consecutive samples is 
multiplied in turn by the corresponding correction 
coefficients R(R 0 ,1) • • .R(R 0# M) , with the result of each 
multiplication being accumulated (43) , and the accumulated sum 
is placed in storage (44) as the multiplication of each sample 
m by the coefficient R(R 0 ,M) is completed. Decision block 45 
iterates the steps of sample fetching, convolving, sum 
accumulation, and storage until all M samples have been 
processed. 

Fig. 6 shows the near field pattern of an MLS phased 
array antenna as measured by a monitor located 100 feet from 
the MLS antenna but without ref ocusing according to the 
invention. The MLS operated at 5050.7 Mhz. 

Fig. 7 shows the pattern of the MLS antenna measured from 
the near field as in Fig. 6 with ref ocusing according to the 
invention. Fig. 8 shows the pattern of the MLS antenna 

used in preparation of Fig. 6 as measured by a monitor located 
in the far field; and 

Fig. 9 shows the difference between the patterns of Fig. 

7 and Fig. 8. 

A development of the mathematical basis of the invention 
that is more complete than that given above follows. 
The discrete convolution of equation (11) is: 
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(12) 



Using the Fourier kernal defined in equation (11) , the 
individual transform terms are as follows: 



F(fi,R 0 .m)-e ** £ fip.^.tfe'* 



_j 2nmk 
M 



1 2K{/t+X)nN-l 2nmk 



e 



i 2 j 2«W»1H iV-1 ZTii£ic 



2g (aKl)Jb 



« £ r(/? 0 ,i3)e' j ~ 

13-0 



^-i 



7C4 - -i £ 



2 . 2n(K+Dm N-l N-l 



Jf-0n-0 
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It is well known that for Discrete Fourier Transforms: 

2 i 2«t(*-a) 

« ~ (14) 



_ fa. If k-n I 
" |o otherwise! 



Applying equation (14) to equation (13) eliminates all terms 
where k is not equal to n, and yields: 

1 2«(W»l)m -W-l ? 2«aa 

n-0 



tf-1 j a^n-^l) 

tf(in) - £ jf(p,3,,n) r(J?„,n)e " KJ -°> 
n-0 



Finally, substituting the fully expanded forms of £ (*) and 
*-(*) into equation (15) : 

n-0 



tf(in) - a n e & 

n-0 
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which is the far field pattern given by equation (4). 

It will be understood that the particular embodiments 
described above are only illustrative of the principles of the 
present invention, and that various modifications could be 
made by those skilled in the art without departing from the 
spirit and scope of the present invention, which is limited 
only by the claims that follow. 
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The invention claimed is: 

1. A method for monitoring of the antenna pattern of a 
phased array antenna using a monitor antenna located in the 
near field of said phased array antenna whereby the far field 
pattern of said phased array antenna is obtained, comprising: 

computing the Fourier transform of complex conjugates of 
the phase error term contained in the pattern of said phased 
array antenna, said phase error term being due to said 
location of said monitor antenna in the near field; 

measuring the antenna pattern of said phased array 
antenna received by said monitor antenna to provide the 
measured near field pattern of said phased array antenna; and 

convolving said measured near field pattern with said 
computed Fourier transform to obtain the far field pattern of 
said phased array antenna. 

2 . A method as claimed in claim 1, wherein said phased 
array antenna transmits a beam that is scanned at a constant 
rate, the scan angle of said beam relative to the bores ight of 
said phased array antenna, at any time (t) , being B c (t); and 
wherein: 

said step of measuring includes: 

applying the signals induced in said monitor antenna by 
said beam of said phased array antenna to a receiver to 
provide a signal, output corresponding to the near field 
pattern of said phased array antenna; 

detecting in a quadrature detector said output of said 
receiver to provide complex real and imaginary components of 
said output; 

collecting samples from both said real and imaginary 
components of said receiver output at times t f such that said 
times t f correspond to equal increments of sin B s (t) , said 
collected samples constituting said measured near field 
pattern of said phased array antenna. 

3„ A method as claimed in claim 2, wherein said computed 
Fourier transform comprises a sequence of correction 
coefficients R(K 0 ,m) , where m = 1, 2,...M, and wherein said 
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step of convolving said measured near field pattern with said 
computed Fourier transform includes: 

providing a shift register having a total of M successive 
stages m, where m = 1, 2,....M; 

weighting the output at each stage m of said shift 
register with the corresponding one of said correction 
coefficients R(R 0 ,m) ; 

applying said collected samples of said real and 
imaginary components sequentially to said shift register; 

shifting said applied samples serially through said shift 
register; 

accumulating the sum of the weighted outputs of said 
shift register as said samples are shifted through said shift 
register; and 

storing said accumulated sum at the time the first of 
said applied samples is shifted out of the Mth stage of said 
shift register, and at the time each succeeding one of said 
applied samples is shifted out of the Mth stage of said shift 
register, said stored accumulated sums constituting the 
complex components of the far field pattern of said phased 
array antenna. 




D 



18' 



PCT/US92/10292 



3/7 



BEGIN 
MLS SPECIFIC 
REFOCUSING 








COLLECT 
M-POINT COMPLEX 
SAMPLE SET 


— 40 


* 




LOOP OVER ALL 
SAMPLE POINTS 
M=l TO M 




—4/ 


* 




PERFORM N-POINT \ 
CONVOLUTION 


—42 






MAGNITUDE OF 
CONVOLUTION 
RESULT 


--43 


t 




STORE M-TH 
RESULT 


•—44 


<T SAMPLES ^>rr: 





DONE? 
'ES 



NO 



END MLS 
SPECIFIC 
REFOCUSING 



FIG. 5 



L CLASSIFICATTO N OF SUBJECT MA 



INTERNATIONAL SEARCH REPORT 

j^^Av International Appiicattcn r^^B 

*m r ■ r-rr^r >tt r-r-r. m 



PCT/US 92/10292 



Of seven] 



•II) 6 



AetoniiDg to International Patent Classification (IPC) or to both National Classification and IPC 

Int. CI. 5 H01Q3/26; G01R29/10 



O. FIELDS SEARCHED 



Minimum Documentation Searched 1 




H01Q ; 



fiOIR 



Documentation Searched other than Minimum Documentation 
co the Extent that such Documents are Included In the Fields Searched 8 



m. DOCUMENTS CONSIDERED TO BE RELEVANT 9 


Catecorv ° 


Citation of Document, 11 with indication, where appropri 


ate, of the relevant passages 12 


KetevaDi CD i, jaim j^io- 


X 


WO, A, 9 012 327 (HAZELTINE CORPORATION) 
18 October 1990 

see page 8, line 10 - page 10, line 6 
see figures 4-6 


1-3 


Y 


IEEE TRANSACTIONS ON ANTENNAS AND 
PROPAGATION 

vol. 33, no. 12, December 1985, NEW YORK 
pages 1313 - 1327 

R0NEN ET AL. 'Monitoring Techniques for 
PhasechArray Antennas 1 

see page 1318, right column, line 8 - page 
1320, left column, line 9 


1 | 






-/-- 




° Special categories of dted documents : 10 

*A* docoment defining the general state of the art which Is not 
considered to be of particular relevance 

*E* earlier document hot published on or after the international 
filing date 

*L* document which may throw doubts 00 priority daimts) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O*. document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the International filing date but 
later than the priority date claimed 


~T~ later document published after the international filing date j 
or priority date and not In conflict with the application but f 
cited to understand the principle or theory underlying the | 
invention 1 

'X" document of particular relevance; the claimed invention 1 
cannot be considered novel or cannot be considered to j 
involve an inventive step I 

*Y~ document of particular relevance; the claimed invention 1 
cannot be considered to involve an inventive step when the 1 
document is combined with one or more other such doco- 1 
ments, such combination being obvious to a person skilled 
In the art. 1 

document member of the same patent family 1 


IV. CERTIFICATION ~~ | 


Date of the Actual Completion of the International Search 

19 MARCH 1993 


Date of Mailing of this International Search Report 1 

0 6.01.93 j 



EUROPEAN PATENT OFFICE 



Signature of Authorized Officer 

JEPSEN J. 



Form PCT/BA/2IO <usnsd chert) iJmmzry 1915) 



International Application No! 



PCT/US 92/10292 



m. DOCUMENTS CONSIDERED TO BE RELEVANT 



(CONTINUED FROM THE SECOND SHEET) 



Categpty 0 



Citation of Document, with Indication, wfeere appropriate, of the relevant passages 



Relevant to Claim No. 



ANTENNAS AND PROPAGATION SOCIETY SYMPOSIUM 
1991 DIGEST 

vol. 3, June 1991, NEW YORK 

pages 1462 - 1465 , XP000239290 

LI ET AL. 'Evaluation of Far-Field Pattern 

from Near-Field Measurement Using a 

Near-Field Imaging Technique.' 

see the whole document 

US.A.4 926 186 (KELLY ET AL.) 
15 May 1990 

cited in the application 

see column 6, line 39 - column 7, line 43 

see figure 2 

IEEE TRANSACTIONS ON ANTENNAS AND 
PROPAGATION 

vol. 34, no. 1, January 1985, NEW YORK 
pages 30 - 45 

YAGHJIAN 'An Overview of Near-Field 
Antenna Measurements.' 



Em PCT7ISA7210 HU IMI Uwur IMS) 



* • 

ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. us 9210292 

SA 67941 



This annex lists the patent family members retatmg to the patent documents cited in the above-mentioned international search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 19/03/93 



W\ m » * m*-*t m ■ A 




Pate 


nt family 


Publication 


cited in search report 


date 


membcr(s) 


date 


WO-A-9012327 


18-10-90 


AU-B- 


632321 


24-12-92 




AU-A- 


5296290 


18-10-90 




AU-A- 


6776890 


21-03-91 




CA-A- 


2013721 


13-10-90 




EP-A- 


0467997 


29-01-92 



US-A-4926186 15-05-90 None 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




ADED TEXT OR DRAWING 



